Background: Cotton textile industry employees use their neck, shoulder and upper limbs extensively in their work. However, there is no adequate documentation of the type of musculoskeletal morbidity among these workers. Objectives: To study the prevalence, patterns and disability due to musculoskeletal disorders among cotton textile industry workers in Tamil Nadu. Methods: The study was conducted in a cotton textile factory in Coimbatore. The factory was selected randomly from a list of medium scale factories. Stratified random sampling among supervisors, labourers and housekeeping staff in the factory was performed. The Nordic Musculoskeletal Questionnaire (NMQ) was used to collect information on pain in different areas of the body. Exploratory factor analysis was performed to group the pain, its severity and disability into syndromes. Based on the factor scores, the participants were grouped into clusters of pain patterns using K means cluster analysis. Results: A total of 100 participants responded to the study. The main syndromic patterns of musculoskeletal morbidity included -Acute upper limb pain, Chronic and acute pain in knee, ankles and feet, Acute and Activity limiting pain of back, hip and thighs, Chronic and Activity limiting pain in the back and shoulders, Activity limiting upper limb pain. Based on these syndromes, the participants were classified into three main clusters -cluster 1 -Acute, activity limiting pain of upper limb, low back, hips and thigh (13%), cluster 2 -Acute pain of knees, ankle and feet (12%) and cluster 3 -Activity limiting pain of upper back, shoulder and upper limb (75%). Conclusion: The cotton textile industry workers had predominantly upper limb, upper back and shoulder musculoskeletal morbidity and disability, which needs to be addressed by appropriate ergonomic measures in the factories.
INTRODUCTION
It is well known that work posture and specific use of limbs for various work-related activities can lead to musculoskeletal symptoms. Poor ergonomic design at the workplace has lead to severe musculoskeletal morbidity among employees. 1 Some of these musculoskeletal efforts are inherent to the nature of the work, whereas other wasteful muscular efforts can be prevented by appropriate ergonomic design of the equipments and workplace. 2 Appropriate ergonomic design of workplace can substantially reduce musculoskeletal morbidity as well as improve work efficiency and productivity. 3 Several studies among workers in various occupational sectors in India have shown that highest burden is due to musculoskeletal morbidity. A study of musculoskeletal disorders among farmers in Kanpur showed a high burden of low back pain, knee pain and shoulder pain. The study indicated that the prolonged standing and squatting posture adopted by the potato farmers lead to low back and knee pain. 4 A study among dentists showed that there was a high prevalence of pain in the neck, wrist and hands, due to the nature of work related to dental procedures. 5 Among workers in a bank working for long hours on the computer, the musculoskeletal morbidity profile showed a predominance of low back, upper back, neck and wrist pain, related to long hours of being seated in one place and working with the hands on the computer. 6 In West Bengal, the work related musculoskeletal morbidity of brick field workers showed that there was a high prevalence of low back pain and neck due to frequent bending, bending and twisting of the body and working above shoulder height. 7 Coir industry workers in Kerala, who stand for long hours and use their hands for twisting and winding the coir suffered more from low back pain. 8 Among school teachers in the eastern and north-eastern parts of India, neck pain was the most common due to prolonged writing on the board above the shoulder level. 9 These and other studies have shown that the musculoskeletal morbidity is one of the commonest health problem among workers in the occupational setting. The type of musculoskeletal morbidity depends on the nature of work. A study of health problems of female textile industry workers in Puducherry showed that musculoskeletal morbidity is the commonest health problem. 10 In a study of musculoskeletal morbidity among textile workers in Ahmedabad, the prevalence was not very high, however the pattern of musculoskeletal pain was predominantly low back, lower limb followed by upper limb pain. 11 Though there is some information on the prevalence of musculoskeletal morbidity among textile industry workers, the exact patterns of the work related musculoskeletal disorders and their severity is not well documented. Most studies of musculoskeletal morbidity report the prevalence of pain and problems in mobility in different regions of the body, but do not document the level of disability due to the musculoskeletal morbidity. Therefore, this study was conducted to study the prevalence of musculoskeletal morbidity profile, patterns and level of disability among workers in a cotton textile industry in Coimbatore, Tamil Nadu.
METHODS

Study Setting
The study was carried out in Coimbatore, Tamil Nadu, which is one of the major industrial hub and highest revenue yielding district of the state. Due to the presence of an extensive cotton textile industry, the city is also referred to as the Manchester of India. The city houses several textile mills, all of which are fed by the cotton fields in the surrounding areas. The main processes that take place in many of these textile industries include -ginning, the process of separating cotton from the seeds, spinning, the process of converting the cotton to yarn, weaving, the process of converting yarn to fabric and finally dying, the process of imparting colour to the fabric. Many of the industries employ labourers who are involved in all these works. Especially in the small and middle scale industries, large parts of these works involve workers using their hands, lifting weights, bending, standing and sitting in the same posture for prolonged periods of time. The factory where this study was conducted employs roughly 500 people working on various processes in converting bales of cotton into yarn. The heavy bales of cotton are fed into the plucker machines which clean it. This is then automatically passed to the drawing, combing and simplex process where the cotton is drawn out into 5 mm thick strands. There is substantial automation of work, but large parts of facilitation of the machinery and operation of the machinery involve manual labour. Major proportion of manual labour is involved in the final processes of twisting the fibres into fine yarn. There are three shifts per day and each shift is for a duration of 8 hours. There is a weekly shift change. The lunch break is for a duration of 45 min. All the departments are equipped with humidification system which maintains 65% relative humidity and the desired temperature is ranging from 25 to 30 degree is fixed depending on the departments. This system also recycles the surrounding air bout 40cycles per hour for removing the micro dusts.
Study Participants
Since the exact prevalence of musculoskeletal disorders among workers in the cotton textile industry in Coimbatore has not been documented before, the prevalence of 72% from a previous study from Puducherry was used as reference. 10 To estimate a prevalence of 72% with a 20% relative precision and 95% confidence level, the required sample size was 39. To account for multistage sampling method, a design effect of 2 was applied and sample size of 78 obtained. Further accounting for a nonresponse rate of about 20% a total sample size of 94 was obtained, which was rounded off to 100. Multistage sampling method was adopted with primary sampling unit being the industry. A list of middle scale cotton spinning factories was generated and one factory was selected randomly. In this factory, the list of employees under the three categories of labourers, housekeeping staff and supervisors was obtained. From each category proportionate number of employees were selected from the list by simple random sampling method. All employees, both men and women working under these categories were eligible to participate in the study.
Study Instruments
The selected participants were interviewed with the help of a structured, pretested, validated questionnaire containing the following detailssocio-demographic characteristics, musculoskeletal pain and disability obtained from the Nordic Musculoskeletal Questionnaire (NMQ). 12 The Nordic Musculoskeletal Questionnaire uses a body map to indicate 9 sites of the body namely neck, shoulder, upper back, elbow, low back, wrist/hands, hips/thighs, knees and ankles/feet. The respondents were asked to respond about any pain in these 9 sites over the past 12 months, over the past 7 days as well as any pain that prevented activity of that region. When validated against clinical assessment, the tool was found to have a sensitivity of 92% and specificity of 88%. 13 
Data Collection
The selected participants were interviewed in a private area ensuring confidentiality of the information. They were shown the body map and asked to indicate the areas with pain and were asked the questions related to the duration, severity of pain and difficulty in activity of the pain area. The data were recorded using Google Forms for Android in a handheld digital electronic device. The collected data were exported as Excel spreadsheet.
Statistical Analysis
The data were analysed using SPSS Statistical Software package version 21. Simple descriptive statistics were analysed to understand the prevalence of musculoskeletal morbidity. To group the regions, severity and disability due to the musculoskeletal pain, Exploratory Factor Analysis was used using extraction based on eigenvalues greater than 1, Varimax rotation and suppression of all factor loadings less than 0.4. The factor scores were used to group the participants into clusters with unique musculoskeletal morbidity patterns using the K means cluster analysis. The predominant patterns of musculoskeletal morbidity were analysed based on this clustering.
Ethical Considerations
Informed consent was obtained from all participants before collection of data. Data was collected in a private chamber and confidentiality of the data was ensured. The study was approved by the Institutional Ethical Committee of the institution of origin of this study.
RESULTS
A total of 100 respondents were approached and all of them consented to participate in the study. About half of the sample were between 18 and 30 years of age, with about 7% above 50 years. There was an almost equal distribution of men and women. About 35% of the participants had college education and 27% had never attended school. Most respondents were laborers in the cotton factory (52%) with a small proportion of housekeeping staff and supervisors. Most of the participants (75%) had monthly income of less than Rs. 20,000. These characteristics of the study sample are shown in Table 1 . The prevalence of musculoskeletal morbidity based on responses to the Nordic Musculoskeletal Questionnaire are shown in Table 2 . It is seen that shoulder, neck, hip/thigh and back pain are the most common chronic pain over past 12 months. Hip/thigh, back and neck pain are the most common acute pain over past 7 days and shoulder, hip/thigh and neck pain are the most common disabling pains. The patterns of musculoskeletal symptoms were grouped based on Exploratory Factor Analysis into 5 major patterns namely -Acute upper limb pain, Chronic and acute pain in knee, ankles and feet, Acute and Activity limiting pain of back, hip and thighs, Chronic and Activity limiting pain in the back and shoulders, Activity limiting upper limb pain. This pattern of syndromic grouping of pain along with the factor loadings is shown in Table 3 . Any aches in the neck, wrists, reduced activities of daily living due to pain in neck, back, knees, ankles were removed from the analysis due to weak factor loading (<0.4) K means cluster analysis of the factor scores obtained for each participant to cluster them into 3 major groups revealed a clustering as follows -Cluster 1 -Acute, activity limiting pain of upper limb, low back, hips and thigh (13%) Cluster 2 -Acute pain of knees, ankle and feet (12%) Cluster 3 -Activity limiting pain of upper back, shoulder and upper limb (75%) Majority belonged to the upper back, shoulder and upper limb pain cluster. The cluster centre scores and grouping are shown in Table 4 .
DISCUSSION
This study, conducted to understand the musculoskeletal morbidity prevalence, profile and disability among cotton textile industry workers in Coimbatore revealed that when considered as individual pain sites as contained in the Nordic Musculoskeletal Questionnaire, the highest prevalence was about 35%, whereas when syndromic patterns of pain were identified, it was seen that 75% of the sample clustered in the activity limiting upper back, shoulder and upper limb pain cluster. The study also identified major syndromes of musculoskeletal morbidity among cotton textile industry workers based on the site involved, the duration of the pain and disability.
Syndromic nature of musculoskeletal morbidity
Work Related Musculoskeletal Disorders (WMSD) are a group of painful conditions involving muscles, bones, ligaments, tendons and joints. Some examples of work related musculoskeletal disorders include carpel tunnel syndrome, tennis elbow, tension neck syndrome etc. Majority of these WMSDs are localized to specific regions of the body which are used most during work. For example, prolonged sitting and bad posture during working on a computer may lead to tension neck syndrome. However, there are some jobs which demand use of specific groups of muscles which may not be localized. These workers develop WMSDs which involved more than one region. Identification of patterns in these WMSDs help in designing interventions to prevent severe work-related disability. Such patterns of WMSDs have been identified in previous studies. 14, 15 Most previous studies have captured the WMSD as unique areas of pain and as various degrees of pain. To the best knowledge of the authors, this study is the first which has looked at syndromic patterns of musculoskeletal morbidity not only with respect to pain, but with respect to pain, severity, duration and disability.
Upper limb musculoskeletal morbidity pattern among cotton textile industry workers
The textile industry, especially the spinning process in medium and small-scale industries involves a lot of work with the hands with the worker bent over for prolonged duration of time. It involves lifting bundles of cotton, separating them from the bigger bundle and setting them up for spinning. Therefore, there is extensive use of the hands for the work and difficult posturing in bent position straining the neck and upper back. Pain in these areas are the expected musculoskeletal morbidity patterns. As expected, the study revealed that activity limiting pain of the upper back, shoulder and upper limb was the most common pattern of musculoskeletal morbidity. Acute and activity limiting pain of the lower limbs and lower back were less common in this work group. This indicates a need for better ergonomic planning of the work place of the cotton textile industry. 
Measuring musculoskeletal disability in addition to morbidity
Most previous studies of musculoskeletal morbidity in occupational settings have reported the patterns and severity of pain. 2, [4] [5] [6] There have been very few reports of disability caused by the WMSDs. This study reports the disability in terms of self-report of limitations of use of the area of pain. In this study it is seen that the upper limb musculoskeletal morbidity is not just severe in nature, but it is also disabling in that it limits activities of the upper limb. Such disability is a cause for concern as it is likely to increase absenteeism at work place and reduce productivity. Therefore, it is important to include disability as an indicator of WMSDs in all assessments of this condition.
Strengths and limitations of this study
The strengths of this study include the fact that it is to the best of the author's knowledge the first study to explore the syndromic patterns of musculoskeletal morbidity among workers in a cotton textile industry. The systematic use of the Nordic Musculoskeletal Questionnaire and application of robust statistical methods to identify musculoskeletal pain clusters is a strength of this study. There are a few limitations which need to be borne in mind. The small sample size of 100, though statistically justified, is likely to under-represent the burden of the problem. Moreover, the participants belonged to a single factory, which again may limit the generalizability of the findings. There is also a possibility of reporting bias as the Nordic Musculoskeletal Questionnaire captured the subjective experience of pain and there was no method to objectively validate this. Despite these limitations, the methodology of syndrome identification and identification of musculoskeletal pain clusters is unique and can be followed in future studies.
CONCLUSION
This study identified that workers in a cotton textile industry have a unique pattern of musculoskeletal morbidity involving activity limiting pain of the upper back, shoulder and upper limb. This is probably related to the nature of work in the cotton industry. This finding should inform ergonomic interventions in cotton textile industries to improve the work conditions of the employees.
